Math 1050 — 6.5 Notes

Properties of Logarithms
Memorize the following properties:
y=log, x if and only if a” = x
log,1=0 log, a=1 a*M =M log,a" =r

The Log of a Product Equals the Sum of the Logs: log, (MN)=1log, M +log, N
The Log of a Quotient Equals the Difference of the Logs: log, (%J =log, M —log, N

The Log of a Power Equals the Product of the Power and the Log: log, M = rlog, M

If M =N, then log, M =log, N.
If log, M =log, N ,then M =N.

y :
og, M log, M = logM log, B = In M

Change of Base Formula: log, M =
log, a loga Ina

Examples: Find the exact value of each expression. (Do not use a calculator).
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Exampqes: Use properties of ?ogarit s to ﬁn the exact Value f each expression. (Do not use a calculator).
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Examples: Write each expression as a sum/difference of logarithms. Express powers as factors.
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Examples: Write each expression as a single logarithm.
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Examples: Use the change of base formula to evaluate each logarithm.
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Math 1050 — 6.6 Notes
Logarithmic and Exponential Equations
Solving Logarithmic Equations
e To avoid extraneous solutions, determine the domain of the variable first.
e Use the properties of logarithms to manipulate the equations.
e Try rewriting as an exponential function: y=Ilog, x < x=a’

e Remember the property: log, M =log, N &M =N

Examples: | >0
a) log,(3x—1)=2 32; A b) 2log,x=log,9 x>0
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Solving Exponential Equations
e If possible, make the bases the same, set exponents equal, and solve: a* =a’ & u=v.

e If bases cannot be made the same, use algebraic techniques or rewrite as a log and use log properties.
® Remember the property: M =N < log, M =log, N

f) log, x+log,(x-2)=log,(x+4) x>0 x-2>6 wigso
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e If an exact solution cannot be found, use a graphing utility to obtain an approximate solution.
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Solving by Graphing
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1. Let each side of the equal sign be a separate function. Set one as Y, andthe other as Y.

2. Graph Y, and Y, on your graphing calculator.

3. Find the intersection of the two graphs.
4. To solve an inequality, determine the interval of x-values that make the statement true.

b) 5x—1 > 2x+1

/ f2(x)=2
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Math 1050 — 6.7 Notes
Compound Interest

Simple Interest: If a principal of P dollars is borrowed for a period of ¢ years at a per annum
interest rate r, expressed as a decimal, the interest I chargedis I = Prt.

When the interest due at the end of a payment period is added to the principal so that the interest
computed at the end of the next payment period is based on the new principal amount (old
principal plus interest), the interest is said to have been compounded. Compound interest is
interest paid on principal and previously earned interest.

Example: A credit union pays 7% per annum compounded quarterly on a certain savings plan. If
$900 is deposited in such a plan and the interest is left to accumulate, how much is in the account
after 1 year? Hint: Find the simple interest each time the balance is compounded, adding the new

interest each time. 2nd Quarter: 3rd Goartes: Hth Quacter:
[+ Quarter: P=9915,%S r=.0% t=.25 | P: 492138 X P:#945.c9
P=¥900 r=,0% =25 T=(915.35)(.0N¢25) r=.0% t=,2 r=,03 £=,25
T= (900)(-0M)(-25) *¢.03 I8, (oNAY  |-(9p. ooz
“—'ll5.?5 Amoont }#7/5.'-}5 +%,03 | © /6-;3]‘@5[ " f]o . = #/69.57
Amoont = ¥915.2s = FqGglA8 AM("):'}C}#& oﬁ Amoont =

$948,09+ ¥
Compound Interest Formula 9:4 3 057
The amount A after ¢ years due to a principal P invested at an annual interest rate ¢ ?642' 3=

nt
compounded n times per yearis A= P- (1 + 1) .
n

Example: Investing $1000 at an annual rate of 9% compounded annually, semiannually,
quarterly, monthly, and daily will yield the following amounts after 1 year:

e O )
Annual Compounding (n = 1): A= {ODO(! * —Ti> = ‘&/070

Semiannual Compounding (n = 2): A = (06O </ + ‘%?) s ol #/O 73- 05;

Quarterly Compounding (n =4): A = | 00O (( + -'-33>(4'() 2| # [09 3.08

Monthly Compounding (n =12): A = (00O ( | 4 %)612'0 =¥ feq 8'81

Daily C ding (n =365): A = .09 \Ees- g e
aily Compounding (n ) A= ooo (( + _3%) :@/094/‘ I s

Continuous Compounding
The amount A after ¢ years due to a principal P invested at an annual interest rate r
compounded continuously is A= Pe”.

Example: Find the amount A that results from investing a principle P of $1000 at an annual
rate r of 9% compounded continuously for a time 7 of 1 year.

A - <[000>6(.oﬁ.-l>: ﬁ/O‘?‘/,[?



Effective Rate of Interest: the equivalent annual simple rate of interest that would yield the
same amount as compounding after 1 year.

Example: Compute the effective rate of interest for $3000 with an interest of 6% per annum
compounded continuously. P = ¥ CleleYa) r=.006 €=

1. Find the amount resulting by compounding continuously: 4 = Pe".
2. Find the Interest paid: 7=4-P.
3. Find the interest rate of the interest paid using the simple interest formula: 7 = Prt.

. Az (scee)e“™ P _ 83 85 5]
2. T = %3185.5]-¥%3000 =¥/85 5|

2. #185.51 = (3000 ()(\) F=L3%i,’ = 0.0618 [(.1B %0

Present Value Formulas »
The present value P of A dollars to be received after  years, assuming a per annum interest

—nt
rate » is compounded » times per year, is P = 4- (1+Lj . If the interest is compounded
n

continuously, P = Ae™.

Example: A zero-coupon (noninterest-bearing) bond can be redeemed in 9 years for $1200. How
much should you be willing to pay for it now if you want a return of Az /1200 4= 9

a) 7% compounded monthly‘;? n=12 b) 6% compounded continuously?
LOF\- 1 - .
P - [QOO-‘Q+‘E—) P:’. ZQOOe 06T

[P = #640.28) [P = 7¢99.30|

Example: What annual rate of interest compounded annually should you seek if you want to
double your investment in 7 years? Nn=\1 &= + A= 2P

- LVH'
A P<l+”?? 2= )’ r=,104]
QP:P(I'!‘(‘q HE = [4p /O,‘/["/D
—Z—pE?-CH-\r) r= 33 -

Example: Find the time required to double or triple an investment if it earns 5% compounded
continuously. r=. o5

Dovble: Triple:
A=pPe™ 3P = Per"%*
20 = pe.ost , Z = prPot
2 = 05t ln 2=.05¢t
n 2=.05%t s (:noi

t=1n2 t =|21.97 years




Math 1050 — 6.8 Notes
Exponential Growth and Decay Models

Law of Unhibited Growth
Many natural phenomena have been found to follow the law that an amount A varies with time ¢ according to

the function A(r)= Ay ", where A, is the original amount at time 7 =0 and k is a constant of growth or decay
(growth if £ >0, decayif k <0.)

Example: The number N of bacteria present in a culture at time ¢ hours obeys the law of uninhibited growth
where N (1) =1000e""".

a) Determine the number of bacteria at # =0 hours.

N 1060e™9 LTgo0]

b) What is the growth rate of the bacteria?

0.0l/hr o E"/Oﬁer V\OOH

¢) What will the population be after 4 hours?

N(4) = 000> -

040. &1
d) When will the number of bacteria reach 17007

(700 = {ooofy In .7 =.0lt

e g0t t=lat3 55T o]
e) When will the number of bacteria double?

! =
2000 & (oooe"y lrn & =.0l¢
.olt
:Z::CDl '1:;1_'{\*?_:@90/.3 l/\('si
» O

Example: The annual growth rate of the world's population in 2005 was k =1.15% =0.0115. The population of

the world in 2005 was 6,451,058,790 people. Letting # =0 represent the year 2005, use the uninhibited growth
model to predict the world's population in the year 2015. T 205, 4= 10
J

Alt)= A, et
Ale)= (45,058, F%0 ¢

[Aboot 1041 bacteria]

o.ollst

(6.0115 +10)

A (10) = (,,45],0658,790 e

= [#,233,271,50\




Example: Iodine 131 is a radioactive material that decays according to the function A(f)= 4,e™*"", where 4,

is the initial amount present and 4 is the amount present at time ¢ (in days). Assume that a scientist has a
sample of 100 grams of iodine 131. As = OO

a) What is the decay rate of iodine 131?
K: —‘O‘o@q— = ~8:? %

b) How much iodine 131 is left after 9 days?

A(q)- 100 200N

c) When will 70 grams of iodine 131 be left? / 2
“0Oe. 3 -b = °
Fo = 100 7 °°%? t =40
e 6-0.08?4: —0.0857

(n .1 =-0.087t
d) What is the half-life of iodine 131? (when A=14,.)

1)
E

50= [OO e-»o.oa?e
6 - ﬁ-o_o&?—t t = 14 (4 5 -
’ "‘0:09} o

ln .5 =~-0.083+

Example: A piece of charcoal contains 30% of the carbon 14 that it originally had. When did the tree die from
which the charcoal came? Use 5600 years as the half-life of carbon 14.

A= Ao ekk After SLoo yrs, A= Aoenooo:zset
» DR,z Ae eswok/ Oh:‘%%;aﬁl%’rﬁﬂ'a[ .3A, = A, e -ecorz3et
- €€eook remaing. % o -oeotazet
n.5=%5kook ln .3 =-oco1238t

e . In.3 ]
R = g‘@ootnc)oos;s% €= coosme (17273 years

Example: At 45°C, dinitrogen pentoxide decomposes into nitrous dioxide and oxygen according to the law of
uninhibited decay. An initial amount of 0.25 M of dinitrogen pentoxide decomposes to 0.15 M in 17 minutes.
How much dinitrogen pentoxide will remain after 30 minutes? How long will it take until 0.01 M of dinitrogen
pentoxide remains? ARo=0.25

- - 03t
A=A, et . 0.0l = o.-iie
|5 = 9,66‘:("0 AC‘(:}-.:'Q"S@ ) o.04d=¢e
=™ A (30)= 25 L7 I 0,04 = -0.03¢E

2= N-6 . _ :
k=22 -p.0300 ¢ (07 win]




